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1. Introduction
According to the UL MIMO physical channel structure (as per the latest RAN1 agreement [1]), the S-DPCCH is the only pilot channel transmitted on the secondary spatial stream and it should be exploited for channel estimation and TPI selection purposes for both rank-1 and rank-2 UL MIMO operation. Definition of the optimal S-DPCCH power level is an important task of the system design and it can be understood that for a rank-1 transmission, the S-DPCCH power can be set lower than for a rank-2 transmission. The reason is that for rank-1, the secondary stream pilot power mainly impacts the quality of the TPI selection and only partially the channel estimation quality for the E-DPDCH traffic channel. However, for rank-2, higher channel estimation quality and consequently higher secondary stream pilot power need to be provided to decode the S-E-DPDCH channel. From the standardization point of view, it is important to know whether support of S-DPCCH power changing at rank-1/rank-2 switching is required or the same S-DPCCH power level may be used for both ranks. 
This contribution provides simulation results for the system throughput as a function of the S-DPCCH power level for UL MIMO rank-1 and rank-2 transmissions in order to decide whether support of S-DPCCH power change at rank switching is required.
2. Simulation Assumptions
The simulation assumptions for the S-DPCCH power allocation analysis are provided in Table 1.

Table 1. Simulation assumptions for DPCCH power impact analysis

	Parameter
	Value

	Physical channels
	DPCCH, S-DPCCH, E-DPCCH, E-DPDCH for CL-BFTD;
DPCCH, S-DPCCH, E-DPCCH, E-DPDCH, and S-E-DPDCH for MIMO

	T2TP
	(10 dB (depending on the E-TFC)

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM 

	TBS [bits]
	Variable: 120 –  22995 bits 

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	Correlation-based realistic

	Inner loop power control
	On

	Outer loop power control
	On

	TPI weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TPI weight vector feedback delay
	4 slots

	TPI weight vector feedback error rate
	No errors, ideal feedback

	TPI weight vector update frequency
	3 slots

	Scheduler delay
	2 TTIs

	Delay for marginal loop assisting secondary stream E-TFC selection
	2 TTIs

	Marginal loop step sizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	Ped A, 3 km/h,
Veh A, 3 km/h

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	MIMO rank selection
	Fixed rank

	TPC feedback error rate
	No errors, ideal feedback

	TPC feedback delay
	2 slots

	TPC period
	1 slot

	Target RX Ec/N0
	20 dB

	E-DPCCH decoding
	Ideal


3. Simulation Results

The link-level simulation results for the Ped A, 3 km/h channel model are presented in Table 2.

The parameter δ is a ratio of the S-DPCCH pilot power to the sum of the powers of the DPCCH and E-DPCCH pilots. Thus, δ is a ratio of the total pilot power at the secondary spatial stream to the total pilot power at the primary spatial stream (ignoring the S-E-DPCCH channel).
Table 2. Simulation results for the Ped A, 3 km/h channel model

	
	PA3

	δ, dB
	-20
	-18
	-16
	-14
	-12
	-10
	-8
	-6

	Data throughput, kbps
	Rank-1
	8229
	9303
	9560
	9587
	9634
	9636
	9635
	9609

	
	Rank-2
	1905
	3285
	4999
	6736
	8372
	9711
	11120
	11249

	δ, dB
	-4
	-2
	0
	2
	4
	6
	8
	

	Data throughput, kbps
	Rank-1
	9576
	9529
	9423
	9368
	9231
	8995
	8717
	

	
	Rank-2
	11621
	11873
	11843
	11823
	11663
	11277
	10387
	


The link-level simulation results for the Veh A, 3 km/h channel model are presented in Table 3.

Table 3. Simulation results for the Veh A, 3 km/h channel model

	
	VA3

	δ, dB
	-20
	-18
	-16
	-14
	-12
	-10
	-8
	-6

	Data throughput, kbps
	Rank-1
	3277
	4243
	5564
	7260
	8513
	9104
	9440
	9518

	
	Rank-2
	287
	439
	740
	1631
	3068
	4753
	6770
	8322

	δ, dB
	-4
	-2
	0
	2
	4
	6
	8
	

	Data throughput, kbps
	Rank-1
	9464
	9382
	9239
	9118
	8945
	8787
	8582
	

	
	Rank-2
	9989
	11177
	11825
	12163
	12221
	11943
	10895
	


4. Discussion

The simulation results demonstrate dependence of the data throughput on the δ parameter for UL MIMO rank-1 and rank-2 transmissions. The optimal operation point can be selected individually for rank-1 and rank-2 using the maximum throughput criteria. For the Ped A, 3 km/h channel model, the optimum corresponds to the δ value of -10 dB for rank-1 and 0 dB for rank-2. For the Veh A, 3 km/h channel model, the optimum for the δ value is -6 dB for rank-1 and 4 dB for rank-2.

Thus, for both considered channel models, the optimal power levels for the S-DPCCH pilot are different for rank-1 and rank-2. The difference between the optimal power levels is quite high and is about 10 dB for both channel models. If a single level of the S-DPCCH power should be taken for both rank-1 and rank-2, then the S-DPCCH power level required for rank-2 operation should be selected. In that case, as can be observed from Table 2 and Table 3, the throughput degradation for rank-1 relative to the optimal setting will be up to 6%.
The main reason of the difference in the optimal S-DPCCH power levels for rank-1 and rank-2 was already mentioned in the introduction and is as follows. For rank-1, the S-DPCCH pilot is used mostly for TPI selection that requires lower accuracy of the channel estimation. And for rank-2, the S-DPCCH pilot is used for S-E-DPDCH demodulation, scheduling, and also for TPI selection so that higher channel estimation accuracy is needed. 
5. Conclusion
This contribution presented link level simulation results for the data throughput as a function of the S-DPCCH power level for rank-1 and rank-2 transmissions. 
It was demonstrated that the optimal setting of the S-DPCCH power level for rank-2 is about 10 dB above the optimal setting for rank-1.
Based on the presented simulation results it is proposed to support S-DPCCH power change at rank-1/rank-2 switching.
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